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EXECUTIVE  SUMMARY 


The  Naval  Research  Laboratory’s  Low-power  Atmospheric  Compensation  Experiment  (LACE) 
Program  was  sponsored  by  the  Strategic  Defense  Initiative  Organization  (SDIO).  The  objective  of  the 
NRL  LACE  Program  was  to  provide  and  operate  a  satellite  to  carry  and  support: 

•  a  sensor  array  subsystem  (SAS)  to  measure  at  the  satellite,  as  a  function  of  time  and  spatial 
distribution,  the  absolute  intensity  of  low-energy  ultraviolet,  visible,  and  infrared  laser  beams 
transmitted  from  ground  laser  sites; 

•  the  Ultraviolet  Plume  Instrument  (UVPI)  to  obtain  ultraviolet  images  of  plumes  from  rockets  and 
to  obtain  ultraviolet  background  and  clutter  data  over  a  wide  variety  of  spatial,  temporal,  and 
lighting  conditions; 

•  the  U.  S.  Army  Strategic  Defense  Command’s  Army  Background  Experiment  (ABE)  to  measure, 
as  a  function  of  geomagnetic  latitude,  the  neutron  background  spectrum  and  the  angular 
distribution  of  terrestrial  neutrons;  and 

•  the  U.  S.  Air  Force's  (USAF)  Radiation  Detection  Experiment  (RDE)  to  measure  electromagnetic 
radiation. 

In  February  1985,  SDIO  representatives  came  to  NRL  to  discuss  the  possibility  of  an  instrumented 
target  satellite  for  measuring  the  propagation  of  laser  beams  from  the  ground  to  space.  The  concept 
required  the  development  of  one  sintpie  sensor  to  be  carried  aboard  a  host  satellite.  On  14  February  1990, 
tire  LACE  spacecraft  was  launched  as  a  3175-lb  satellite  carrying  three  sopliisticated  arrays  of  laser 
sensors,  a  precision  pointing  and  imaging  instrument,  and  a  neutron  background  monitoring  instrument 
for  SDIO  and  a  USAF  instrument.  At  launch,  additional  NRL  LACE  I’rogram  assets  included  one 
penuanent  ground  station  and  two  transportable  ground  stations,  a  Irlgh-ndelity  test  bed,  an  operations 
control  center,  and  a  data  processing  and  assessment  center. 

After  launclr,  many  SAS  operations  were  conducted  n.  support  of  the  Massachusetts  Institute  of 
Technology  Uncoln  Laboratory's  Short  Wavelength  Adaptive  Techniques  (SWAT)  Ifrogram  for 
compensation  of  atmospiterie-induced  distortions  of  ground-based  laser  beams.  A  completely  successful 
cooperative  atmospheric  corrrpeasation  demonstration  was  rlrst  achieved  on  30  November  1990.  Many 
more  successful  demonstrations  and  tests  were  conducted  until  the  SWAT  Ifrogram  was  completed  in 
April  1991.  Tlie  UVPI  collected  high-quality  ultraviolet  emission  images  from  four  rocket  laundies  in 
four  attempts,  as  well  as  large  quantities  of  Earth  background  data.  Tire  ABE  made  highly  succcs.sfut 
nicasummcnls  of  the  neutron  background  in  space  almost  cortlinuously  following  launcli.  Tire  RDE  made 
nicasurements  over  14  rnontJrs. 

In  rcspon,se  to  SDIO's  request,  operations  wiilr  tire  LACE  satellite  were  terminated  on  14  Febniary 
1993.  TIic  satellite  had  successfully  accompUSIted  its  mission. 

Tlie  LACE  satellite  was  left  in  a  stable  configuration  sx)  its  reirorcflcctor  array  can  tw  used  as  a  target. 
Tlic  length  of  tltc  leading  boom  was  left  at  15  ft.  niercforc,  until  the  momentum  wheel  fails,  tlic 
rcirorcncctor  array  will  lead  the  spacecraft's  main  body.  After  tltc  momentum  wtieel  fails,  Uic 
retrorcflector  array  will  be  15  ft  from  Uic  main  body  in  an  unknown  direction. 
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1.0  NRL  LACE  PROGRAM  CHRONOLOGY 

In  February  1985,  representatives  of  the  Strategic  Defense  Initiative  Organization  (SDIO)  came  to  the 
Naval  Research  Laboratory  (NRL)  to  discuss  the  possibility  of  an  instrumented  target  satellite  for 
measuring  the  propagation  of  laser  beams  from  the  ground  to  space.  The  spacebome  target  was  needed  to 
determine  the  viability  of  atmospheric  compensation  techniques  being  developed  at  the  Massachusetts 
Institute  of  Technology  Lincoln  Laboratory  (MIT/LL)  under  SDIO  ^nsorship.  The  concept  required  the 
development  of  one  simple  sensor  to  be  carried  aboard  a  host  satellite.  Subsequently,  in  July  1985,  the 
NRL  LACE  Program  began  as  the  Laser  Communication  Experiment  (LACE).  This  experiment  called 
for  a  single  sensor  to  detect  infrared  (IR)  laser  emission  and  flown  on  NASA's  shuttle-launched  Long 
Duration  Exposure  Facility  (LDEF)  satellite.  The  LDEF  was  then  in  orbit  and  scheduled  to  be  retrieved 
by  the  shuttle.  Since  LDEF  was  a  completely  passive  satellite,  supporting  subsystems  (such  as  electrical 
power  and  communications)  would  have  to  be  added.  As  a  result  of  the  Challenger  accident  and  the 
subsequent  interruption  in  shuttle  launches,  it  became  clear  that  the  LDEF  was  not  likely  to  be  available 
as  a  structure  for  LACE.  Therefore,  by  June  1986,  LACE  had  become  a  full  satellite  Itself  instead  of  a 
sensor  complement  to  be  flown  on  LDEF.  The  name  was  changed  to  Low-power  Atmospheric 
Compensation  Experiment  (LACE).  Launch  was  scheduled  for  August  1988. 

By  June  1986,  tire  sensor  requirements  tuui  been  expanded  to  Include  multiple  sensors  to  detect  IR 
laser  emission  and  additional  sensors  to  detect  emission  from  continuous  wave  (CW)  and  pulsed  lasers 
emitting  in  the  vi.sible  aird  ultraviolet  (UV)  bands.  Ultimately,  210  sensors  in  three  arrays  distributed  over 
a  4  m  by  4  m  target  board  were  launctied  as  tlie  sensor  array  »ibsystem  (SAS). 

Tlie  additional  ground-based  lasers  Uiat  would  use  tJie  LACE  satellite  as  a  target  were  located  at 
widely  separated  sites.  Therefore,  transportable  ground  sinttons  (TGS)  had  to  be  developed  to  provide  the 
comntunicaiions  links  between  die  ground  laser  sites  and  the  satellite 

Tire  Army  Background  Experiment  (ABE),  ati  instrument  package  that  was  to  be  developed  for  SDIO 
by  the  Los  Alamos  National  Laboratory  (LAND,  was  added  to  the  LACE  satellite's  experiment 
complcntcnt.  TTic  Radiation  Detection  Experinrem  (RDE),  an  instrunrent  package  to  be  develop^  for  the 
U.  S.  Air  Ftvee  (US  AF)  by  The  Aero^racc  Corporation,  was  also  added. 

To  support  die  atntosplicric  compcitsadon  tests,  a  requirement  was  added  for  a  retrorcflt^^tor  array.  It 
was  to  have  252  comercubes  mounted  on  the  end  of  a  boom  dtat  could  be  extended  up  to  ISO  ft  from  the 
satellite  body.  Variable  icngdi  booms  had  never  been  flown  for  more  titan  a  few  days  in  space.  The 
LACE  satellite  has  three  variable  Icngdt  booms,  which  can  eacli  be  extended  up  to  150  ft 

In  April  1987,  SDIO  decided  that  die  Ultraviolet  Plume  Instrument  (UVPI)  would  be  addrd  to  the 
LACE  satellite.  This  foraxJ  a  major  redesign  of  mcclianical  and  clectricnl  subsystems.  As  an  example, 
the  addidon  of  the  UVPl,  which  is  a  precision  pointing  instrument,  invalidated  key  decisions  rcladng  to 
the  spacecraft's  auiiudc  measuiemcnt.  As  a  result,  a  diird  type  of  attiturte  mcasuicmeni  sensor  had  to  be 
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added  to  the  satellite  and  an  extensive  study  conducted  to  ensure  that  the  attitude  of  the  gravity-gradient 
stabilized  LACE  satellite  could  be  predicted  accurately  over  several  hours.  The  addition  of  the  UVPI  also 
meant  that  the  NRL  LACE  Program  would  be  responsible  for  extensive  mission  planning  and  for  the 
processing  of  significant  amounts  of  sensor  data.  Prior  to  the  addition  of  the  UVPI,  mission  planning  for 
the  LACE  satellite's  operations  was  very  simple,  and  all  data  were  to  be  quickly  turned  over  to  MIT/LL, 
LANL,  or  The  Aerospace  Corporation  for  processing.  Launch  was  still  scheduled  for  August  1988. 

In  early  1988,  the  Delta  launch  vehicle  assigned  to  the  NRL  LACE  Program  was  assigned  to  a  higher 
priority  SDIO  mission.  Delta  Star.  From  then  until  January  1989,  a  number  of  changes  were  made  by 
SDIO  in  the  assignment  of  a  launch  vehicle.  A  Titan,  Atlas,  and  Delta  again  were  real  contenders.  They 
each  had  sufficient  credibility  that  the  LACE  satellite's  electrical  and  mechanical  mounting  interfaces 
were  redesigned  to  accommodate  each  designated  launch  vehicle.  A  second  satellite,  the  Relay  Mirror 
Experiment  (RME),  was  added  to  the  launch  manifest,  and  the  NRL  LACE  Program  was  given  launch 
vehicle  integration  responsibility  for  both  LACE  and  RME  satellites. 

In  summary,  the  NRL  LACE  Program  started  with  a  requirement  for  a  simple  instrumented  target 
with  a  single  sensor  on  NASA’s  shuttle-launched  LDEF  spacecraft.  On  14  February  1990,  the  LACE 
spacecraft  was  launched  as  a  3175-lb  satellite  carrying  three  sophisticated  arrays  of  laser  sensors,  a 
precision  pointing  and  imaging  instrument,  and  a  neutron  background  monitoring  instrument  for  SDIO 
and  a  USAF  instrument.  At  launch,  additional  NRL  LACE  Program  assets  included  one  permanent 
ground  station  (PCS)  and  two  TGSs,  a  liigh-fidelity  test  bed,  an  operations  control  center,  and  a  data 
processing  and  assessment  center. 

After  Uic  LACE  satellite  became  fully  available  to  users  in  mid-April  1990,  many  SAS  operations 
were  conducted  in  support  of  MlT/liJs  Short  Wavelength  Adaptive  Techniques  (SWAT)  Program  for 
compensation  of  atmo.spherlc  induced  distortions  of  ground-based  laser  beams.  A  completely  successful 
cooperative  atmosplieric  compensation  demonstration  was  first  acliievcd  on  30  November  1990.  Many 
more  successful  demonstrations  and  tests  were  conducted  until  tlie  SWAT  l*rogram  was  completed  in 
April  1991. 

Tlie  UVPI  collected  liigh-qualily  UV  emission  images  from  four  rocket  launciies  in  four  attempts,  as 
well  as  large  quanlitic.s  of  Earth  background  data.  Die  UV  images  of  rocket  plumc^s  from  UVPI  arc 
essential  to  SDIO'.s  development  of  valid  computer  models  that  can  accurately  predict  llic  emission 
characteristics  of  any  rocket  plume  and  to  SDIO's  evaluation  of  tire  feasibility  of  using  Uic  UV  emission 
from  a  rocket  plume  to  locale  die  rocket  itself. 

Die  ABE  made  liighly  .successful  measurements  of  the  neutron  background  in  spatx  almost 
continuously  following  launcli.  Die  ABE  data  provide  inforinaiion  useful  to  SDIO  for  designing 
spaccbonie  systems  to  disaiminaic  wartieads  from  decoys. 

Die  RDE  made  measurements  over  14  monilis,  data  were  turned  over  to  Die  Aerospace 

Corporation  for  evaluation. 

In  early  1993,  SDIO  decided  dial  die  LACE  satellite  liad  acliicved  its  objectives  and  requested  dial 
operations  involving  die  saielliic  be  tenninated.  The  last  o|icraiioas  wiUi  the  LACE  satellite  occurred  on 
14  February  1993.  Die  LACE  satellite  was  left  in  a  stable  configuration  so  its  retrorcficctor  array  can  be 
u.scd  as  a  target.  Die  lengdi  of  the  leading  boom  was  left  at  15  ft.  Diercfore,  until  die  momentum  wliccl 
fails,  die  rctforenccior  array  will  lead  the  spacecraft’s  main  body.  After  die  momenium  wheel  fails,  d.»c 
rctroTQficcior  airay  will  be  15  ft  from  die  main  body  in  an  unknown  ciirccUon.  Die  final  iengdes  of  die 
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gravity-gradient  boom  and  the  trailing  boom  were  100  ft.  Electrical  loads  were  distributed  between  the 
two  batteries  in  an  attempt  to  allow  the  electric  power  subsystem  to  support  the  spacecraft  unattended  for 
as  long  as  possible. 

2.0  PROGRAM  OBJECTIVE 

The  objective  of  the  NRL  LACE  Program  was  to  provide  and  operate  a  satellite  to  carry  and  support: 

•  a  SAS  to  measure  at  the  satellite,  as  a  function  of  time  and  spatial  distribution,  the  absolute 
intensity  of  low-energy  UV,  visible  and  IR  laser  beams  transmitted  from  ground  laser  sites: 

•  SDIO's  UVPI  to  obtain  UV  Images  of  plumes  from  rockets  and  to  obtain  UV  background  and 
clutter  data  over  a  wide  variety  of  spatial,  temporal,  and  lighting  conditions; 

•  the  U.  S.  Army  Strategic  Defense  Command's  (USASDC)  ABE  to  measure,  as  a  function  of 
geomagnetic  latitude,  the  neutron  background  spectrum  and  the  angular  distribution  of  terrestrial 
neutrons;  and 

•  the  USAFs  RDE  to  measure  electromagnetic  radiation. 

Specific  NRL  re^nsibiliUes  for  the  LACE  Program  Included; 

•  LACE  satellite  design,  fabrication,  integration,  testing,  launch,  and  operation; 

•  SAS  design,  fabrication,  testing,  calibration,  integration,  and  operation: 

•  UVPI  design,  fabrication,  testing,  calibration,  integration,  and  operation; 

•  ABE  integration  and  operation; 

•  RDE  integration  and  operation; 

•  planning  UVPI  observations  and  quick-look  data  assessment;  and 

•  ground  station  design,  fabrication,  testing  and  operation. 

THE  LACE  SATOLLITE 

Tlic  LACE  satellite  was  designed  and  built  by  the  Naval  Research  Laboratory  (NRL)  in  Wasltington, 
DC.  Responsibility  for  sigiUflcant  portions  of  dte  spacecraft  design,  especially  its  mcdianJcal  design,  was 
contracted  to  Fairchild  Space  Company.  The  satellite  (Fig.  I)  was  successfully  launched  from  Florida 
aboard  a  Delta  II  launch  vehicle  on  14  l^bruary  1990.  1lte  main  body  of  the  satellite  is  box  shaped,  wid) 
dimensions  of  4.S  ft  by  4.S  ft  by  8  ft  high.  A  ISO-ft-long  boom  with  a  200-lb  lip  mass  and  magnetic 
damper  extends  from  tlte  top,  space-facing  surface  of  the  satellite's  main  body  to  iM’ovidc  gravity-gradient 
stabilization.  Solar  panels  on  the  main  body  and  deployed  solar  panels  around  the  space-facing  end 
provide  energy  to  the  spacecraft.  Energy  storage  is  accomplisiwd  by  two  nickel-cadmium  batteries. 
Deployed  sensor  panels  and  the  Earth-facing  end  of  Uie  main  body  provide  a  4  m  by  4  ni  target  board  for 
the  SAS.  Many  SAS  sensors  and  the  ABE  sensor  are  mounted  on  the  deployed  sensor  panels.  Ihc  UVPI 
and  RDE  are  mounted  internally  on  the  Earth-facing  end  of  Uic  main  body.  A  leading  boom,  variable  in 
length  up  to  150  ft,  has  a  rcirorcflcctor  array  at  Its  end.  Tills  boom  Is  held  in  the  spacecraft's  velocity 
direction  by  a  momentum  wlwcl  inside  the  spacecraft  stilTcning  the  yaw  and  roll  orientations.  A  tailing 
boom  in  the  anti-velocity  direction,  also  variable  In  length  up  to  150  ft.  permits  the  spacecraft's  moment  of 
inertia  about  its  pitch  axis  to  be  lield  constant  as  the  length  of  Uic  leading  boom  is  changed  to  support  ic.st 
requirements.  The  LACE  spaccaaft  has  no  onboard  propulsion  capability  for  orbital  changes  or  for 
attitude  control.  A  vefy-high-frcqucncy  (VHP)  ground-to-spacccraft  command  link  operates  at  a  data  rate 
of  1  kilobit  per  second  (kbps).  The  $pacccraft-to-ground  data  link  operates  in  S-baiul  at  a  rate  of  3.125 
megabits  per  second  (Mbps).  The  spacxxraft  has  two  visible-band  strobe  lights  that  can  be  command^Mi  to 
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flash  with  a  fixed  period  between  3  and  4  s  to  help  users  find  the  satellite.  One  of  these  strobe  lights 
Med  a  few  months  after  launch. 


Fij.  1-  Scttcnialis  of  LACC  uiclUte 


3.1  Orbit 

Htc  satellite's  inlUal  orbit  was  nearly  circular,  with  an  altitude  of  292  nautical  miles  (nmi)  |541 
k'lomeicrs  (km))  and  an  orbital  inclination  of  43.1°.  Tlic  altitude  was  constrained  by  the  retroreflcctof 
array  and  stability  requirements.  Tlic  ntaximum  altitude  at  wltich  the  rctroiefiecior  array  (xmtd  return  an 
adequate  signal  to  dtc  laser  site  wa.s  3(X)  nmi.  Tlte  minimum  altitude  at  widch  aimosplicric  effects  could 
be  overcome  to  hold  the  tip  of  the  fully  extended  leading  boom  within  2  R  of  tiic  centerline  of  tlu: 
spacecraft  was  230  nmi.  Therefore,  ilic  initial  altitude  could  not  exceed  300  nmi,  but  it  had  to  be  lUgh 
enough  to  ensure  Utat  tltc  altitude  would  not  decay  to  230  nmi  during  the  30-month  planned  lifetime  of  the 
spacecraft.  At  tauncli,  an  altitude  of  29S  tuni  was  the  goal.  Htc  initial  altitude  attained  was  within  the 
error  limits  of  tlic  launch  vcliictc. 

A  constraint  on  both  the  inclination  and  altitude  of  the  orbit  was  the  frequency  of  usable  iiasscs  over 
each  ground  laser  site.  Por  atmospheric  compensation  tests,  the  satellite  had  to  be  at  an  clcvafion  greater 
than  4S°  from  the  laser  site  for  at  least  1  min.  .^pproxiinately  one  usable  pass  per  day  was  desired  for  the 
laser  sites  in  Hawaii,  Massachusetts,  and  New  Mexico  Uuoughout  the  30-moodi  planned  lifetime  of  Uic 
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spacecraft.  At  launch,  an  inclination  of  43.0^*  was  the  goal.  The  inclination  attained  was  within  the  error 
limits  of  the  launch  vehicle. 

By  late  November  1992,  the  altitude  of  the  LACE  satellite  had  decayed  to  259  nrai.  Based  on  late 
1992  predictions  of  solar  activity,  reentry  of  the  LACE  satellite  is  estimated  to  occur  in  1999. 

4.0  GROUND  SUPPORT  ELEMENTS 

4.1  Ground  Stations 

The  NRL  LACE  Progiam  operated  three  ground  stations  that  provided  all  of  the  communication  links 
with  the  LACE  spacecraft.  Two  of  the  three  ground  stations  were  transportable  because  SAS  operations 
required,  and  UVPI  operations  benefited  from,  real-time  data.  One  TGS  was  stationed  in  Maui,  Hawaii, 
for  the  entire  LACE  mission.  The  second  TGS  was  mounted  on  wheels  and  supported  LACE  from 
Malabar  Air  Force  Station,  Florida,  and  Vandenberg  Air  Force  Base  (AFB),  California.  Each  TGS 
consisted  of  two  18-ft  truck  trailers.  One  trailer  contained  telemetry,  command,  communications,  data 
handling,  and  data  display  equipment.  The  second  trailer  contained  an  uninterruptable  power  supply,  a 
work  area,  and  supporting  equipment.  The  12-ft-dlameter  antenna  could  be  stowed  in  the  trailers  for 
transporting.  The  third  LACE  ground  station,  tlie  PCS,  was  located  in  Maryland. 

4.2  LACE  Operations  Control  Facility 

The  LACE  Operations  Control  Facility  (LOCF")  was  a  dedicated  NRL  LACE  Program  facility  that 
established  spacecraft  and  ground  station  activity  schedules,  monitored  the  status  of  the  LACE  spacecraft, 
interacted  witii  tlic  ground  stations  during  spacecraft  passes,  and  managed  t)u2  data  from  Uie  spaceaaft. 
Tlu;  LOCF  was  located  in  Alexandria.  Virginia. 

4J  UVPI  Mission  Planntng  and  Assiesstnent  Center 

The  UVPI  Mission  Hanning  and  Assessment  Center  (UMPAC)  wa.s  a  dedicated  NRL  LACE  lYogram 
as.set  tliat  planned  all  use  of  tlw  UViq,  defined  and  tested  all  command  sequenws  for  Ujc  UWI.  executed 
UVPI  observations,  processed  all  UViq  data,  assessed  the  results  of  all  UVPI  observations,  inotiitored  tlie 
calibration  of  the  UVPI.  and  deposited  processed  and  unprocessed  UVPI  data  into  SDIO  arcliival  data 
centers.  Tlie  UMPAC  was  also  located  in  Alexandria.  Virginia. 

4.4  LACE  Operational  Test  Bed 

Tlie  LACE  Operational  Test  Bed  (l  OTTU.  collocated  witli  ilic  I.OCF  and  tlie  UMPAC.  was  a  high- 
fidelity  simulator  for  tlie  LACE  spacecraft  and  its  ground  stations.  The  I.OTB  was  used  to  test  ail 
a)mmaiKl  .sequences  before  ilicy  were  sent  to  Ore  .spacecraft  to  ensure  that  tltc  commands  would  produce 
die  desired  respoase  in  Uic  suxicccraft.  TTic  LOTB  was  also  used  to  investigate  anomalies  noted  in  die 
^lacecraft  or  ground  statioas. 

iS  UVPI  Ground  Beacons 

Four  150()-W  output  and  one  750- W  ouftwi  beacons  .serv'cd  as  portable  ground  targets  for  the  UVPI. 
Tbese  beacons  were  u^  as  targets  with  precisely  known  locations  to  test  pointing  control  and  to  measure 
optica]  cliaractcrisiics,  such  as  point  spread  function,  of  the  UVPI  cameras.  The  bcacoas  could  be  used 
logcdicr  to  inacasc  (lie  illumination,  or  separated  to  support  multiple  tests.  They  could  be  deployed  in 


6 


D.  M.  Horan  et  al 


patterns  to  test  the  spatial  resolution  of  the  UVPI.  They  were  also  used  in  all  rehearsals  for  rocket  plume 
observations  during  which  they  were  turned  on  and  off  to  simulate  the  various  stages  of  the  rocket. 

5.0  SPACECRAFT  SENSOR  COMPLEMENT 

5.1  Sensor  Array  Subsystem 

The  SAS,  designed  and  built  for  NRL  by  Instrumentation  Technology  Engineering  (ITE) 
Incorporated,  has  three  arrays  of  electro-optical  sensors  (visible,  pulsed,  and  IR),  with  each  array  sensitive 
to  different  types  of  laser  radiation.  Only  one  of  the  three  arrays  can  be  active  at  any  time.  The  field  of 
view  of  each  sensor  of  each  array  is  a  45®  half-angle  cone  centered  on  the  normal  to  the  spacecraft's  target 
board.  Since  the  normal  to  the  target  board  is  held  to  within  3®  of  tlie  nadir  direction,  the  SAS  measures 
laser  beams  from  ground-based  sites  that  are  within  approximately  45®  of  the  spacecraft  nadir  and  at  any 
azimuth  angle.  Several  data  sampling  modes  can  be  selected  for  the  various  SAS  arrays.  Some  sampling 
modes  are  free  running.  Some  use  ground-based  triggering  lasers  to  synchronize  the  scoring  laser 
emission  witli  tlie  data  sampling  sequence  aboard  tlie  spacecraft.  Nanowband  triggering  detectors  aboard 
the  spacecraft  detect  the  triggering  laser  emission  and  start  the  selected  sampling  cycle.  There  is  no 
provision  for  storage  of  SAS  data  aboard  the  LACE  spacecraft.  SAS  data  must  be  transmitted  to  the 
ground  in  real  time  as  it  is  generated  by  the  SAS  sensors. 

All  three  SAS  ..rrays  were  turned  on  in  November  1992  to  compare  their  condition  with  that  observed 
during  initial  activation  after  launcli.  No  degradation  was  fouW.. 

Visible  Sensor  Array 

The  visible  sensor  array  consists  of  85  sensors  distributed  over  the  4  m  by  4  m  target  board  on  tlie 
Eartli-faeing  end  of  the  spaceaaft,  with  the  greatest  density  of  .sensors  at  the  center  of  Uie  target  board. 
Tluj  visible  array  was  specifleally  designed  to  measure  laser  emission  from  ilic  SWAT  l^rogram's  argon 
ion  laser  located  in  Maul.  Hawaii.  Calibration  of  Uie  visible  array  sensors  was  done  at  5 14.5  nanometers 
(nm),  wlticli  wa.s  the  emission  wavelengUi  of  the  SWAT  Ih^ogram's  laser.  However,  the  visible  array 
sensors  are  sensitive  over  a  waveband  from  aj^aoximately  400  nm  to  approximately  1 .06  micrometers 
(pm).  After  launch,  a  less  precise  calibration  of  the  visible  array  scjisors  was  done  at  1.06  prti  by  using 
spare  sensors,  Tltis  special  calibration  was  done  to  sup^xm  die  USAF  Starfirc  Optical  Range  at  Kiriland 
AML  New  Mexico.  To  be  measured  by  iltc  visible  sensor  array,  Uic  laser  emission  must  be  CW 
modulated  at  25  kHz  i  10  Hz  witli  a  square-wave  or  sinusoidal  pattern. 

Eacli  ^siblc  array  sensor  is  a  silicon  pJtotodlodc  with  sapplilt^c  and  futile,  T1O2.  windows.  Based  on 
calibration  of  lire  sensors  at  514.5  ntn  by  using  square-wave  modulation  witlt  a  50%  duty  cycle,  Ute 
dynamic  range  of  Uic  visible  sensor  may  is  from  58  nW/cm^  to  9.6  mW/  cm^. 

Pulsed  Sensor  Array 

Tire  pulsed  sensor  array  consists  of  85  sensors,  each  located  in  the  same  tiousing  with  a  visible  array 
stvnsor.  Tire  pulsed  sensor  array  was  not  dc.slgncd  to  siqipori  any  particular  existing  laser,  but  to  generally 
support  pulsed  exciincr  lasers  In  the  300  to  400-nm  wavelength  band  and  a  low-power  emulator  of  the 
free  electron  laser  widi  pulswl  emission  at  1.06  pm.  Tltc  pulsed  array  scjtsors  were  calibrated  at  354  nm 
and  at  1 .06  pm.  However,  the  pulsed  array  sensors  arc  sensitive  over  a  waveband  from  approximately 
300  nm  to  1.06  pm.  To  be  measured  by  the  pulsed  sensor  array,  the  {silscd  emission  must  have  a  jmlsc 
duration  between  10  nanoseconds  (ns)  and  2  microseconds  (ms)  and  a  pulse  repetition  rate  of  100  pulses 
per  second  or  less. 
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Each  of  the  pulsed  array  sensors  is  composed  of  two  UV-enhanced  silicon  photodiodes  with  sapphire 
windows  and  different  neutral  density  filters  to  provide  the  required  dynamic  range.  Based  on  calibration 
of  the  sensors  at  354  nm.  the  dynamic  range  of  the  pulsed  sensor  array  is  20  nJ/cm^  to  1.6  mJ/  cm^. 
Based  on  calibration  at  1.06  pm,  the  dynamic  range  is  5  nJ/cm^  to  0.4  mJ/  cm^. 

Infrared  Sensor  Array 

The  IR  sensor  array  consists  of  40  sensors  uniformly  distributed  over  the  4  m  by  4  m  target  board  on 
the  Earth-facing  end  of  the  spacecraft.  The  IR  array  was  specifically  designed  to  measure  laser  emission 
from  the  Low  Power  Chemical  Laser  (LPCL)  located  at  White  Sands,  New  Mexico.  The  LPCL  is  a 
deuterium  fluoride  chemical  laser  that  produces  emission  as  several  lines  with  wavelengths  between  3.6 
and  4.2  pm.  The  IR  array  sensors  were  calibrated  by  using  a  blackbody  source  filtered  to  provide  a 
bandpass  between  3.6  and  4.0  pm.  To  be  measured  by  the  IR  sensor  array,  the  laser  emission  must  be 
CW  and  chopped  at  1440  Hz. 

Each  of  the  IR  array  sensors  is  composed  of  two  HgCdTc  photoresistive  detectors  with  sapphire, 
germanium,  and  silica  windows.  The  two  detectors  arc  held  at  different  tcmpcrature.s,  -30°  and  10°  C,  by 
I*clticr  coolers  and  resistive  heaters  to  provide  adequate  dynamic  range  within  each  sensor.  Based  on 
calibration  of  iho  sensors  using  a  bandpass  between  3,6  and  4.0  pm.  the  dynamic  range  of  the  IR  sensor 
array  is  from  160  nW/cm^  to  7.5  mW/  an^. 

Sensor  Calibration 

All  210  sensors,  each  wiUi  five  orders  of  magnitude  dynamic  range,  were  calibrated  against  laser 
wavelength,  angle  of  incidence  in  elevation  and  azimuth,  polarization,  and  for  sensor  temperature. 
Absolute  scasor  callbration.s  to  10%  accuracy  were  required.  Tlie  calibration  effort  took  well  over  a  year, 
usually  u.sing  two  .sldfts  a  day.  and  was  conducted  by  Ptjysical  Sciences  Incorporated,  now  Research 
Sup{)ort  Instruments,  uiuier  contract  to  Fairdiild  Space  Compon^ . 

Boonx-Mmnted  Retroreflecior  Array 

An  array  containing  252  comcrcube  retrorcfleclors  Is  mounted  on  die  end  of  a  variable  length  boom 
lliat  is  tield  in  tlic  velocity  direction  of  the  spacecraft.  Tlie  length  of  tlic  boom  can  be  adjusted  in  flight 
between  apiwoximately  3  ft  and  150  ft.  llw  rctrorcficctor  array's  primary  purpo.se  was  to  support 
cooperative  atmosplicric  com{>ensaUon  tcsi.s.  During  a  cooperative  atmosiPicric  compensation  test,  an 
iliuminating  lakscr  beam  from  tiw  griHind  laser  site  was  rctrorefiectcd  by  Uic  array  to  send  an  undisfoned 
beam  back  toward  the  ground  la.scr  site.  Disiortloas  caused  by  the  downward  passage  through  UiC 
airoosphcre  were  measured  at  tlic  ground  laser  site  and  the  next  transmission  of  (lie  .scoring  laser  beam 
was  conjpetvsatcd  to  correct  for  lire  mcasi  d  dlstortiotts  in  tl»c  reflected  illuminating  bcant.  Ideally,  the 
length  of  tlie  boom  Is  .set  so  that  during  die  time  between  tlic  rcficalon  of  the  illuminating  beam  from  the 
rctrorcficctor  array  and  the  arrival  of  ilic  comiicnsated  scoring  beam  at  tlie  .spaccaaft,  the  spacecraft  will 
liave  moved  the  Icoglli  of  tlie  boom  and  tlic  compensated  scoring  Njam  will  strike  flic  target  board.  Tliis 
piming  allows  the  comiiensalcd  scoring  beam  to  transit  Uie  same  column  of  atmosplicrc  that  was 
iiica.sured  by  die  reflected  iilutainating  beam.  Spacecraft  dynamics  require  that  the  length  of  this  boom  be 
continuously  changed  during  an  atniO-splieric  compensation  test.  Motors  to  drive  the  boom  fast  enough  to 
maintain  die  optimal  Icngtii  were  not  available  in  time  to  meet  the  LACE  satellite's  launch  sclicdule,  so 
die  boom  was  not  moved  during  a  test.  Tlterefore,  die  boom  was  at  die  ideal  length  for  only  a  short 
portion  uf  cadi  test. 
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The  retroreflector  array  comprises  three  different  types  of  l-in. -diameter  comcrcube  retrorefiectors: 
solid  glass,  solid  germanium,  and  open.  There  are  240  solid  glass  comercubes  made  of  BK-7  optical 
glass.  They  can  be  used  in  tlie  wavelength  band  between  350  nm  and  2.0  pm.  One  solid  germanium 
comercube  is  intended  for  use  with  a  10.6  pm  wavelength  laser.  There  are  1 1  open  comercubes  whose 
aluminum  reflecting  surfaces  work  well  for  wavelengths  from  200  nm  to  beyond  20  pm. 

The  252  comercubes  are  arranged  in  a  pattern  to  provide  reU'oreflection  for  laser  beams  from  ground 
sites  at  any  azimuthal  direction  and  for  which  tlie  satellite's  elevation  is  greater  than  45*. 

SI  Ultraviolet  Plume  Instrument 

The  UVPl  was  designed  and  built  for  NRL  by  Loral  Electro  Optical  Systems  under  contract  to 
Faircliild  Space  Company.  Fairchild  Space  Company  also  provided  significant  system  engineering  for  the 
UVPL  Tlie  instrument  is  mounted  within  the  spacecraft  and  looks  through  an  aperture  in  the  Earth-facing 
end.  When  the  UVPl  is  not  in  use,  a  door  covers  the  aperture.  Tlie  UVPl’s  mission  is  to  obtain 
radiometrically  calibrated  images  of  rocket  plumes  at  high  altitude  and  background  image  data  of  Earth, 
Earth's  limb,  and  celestial  objects  in  the  near  and  middle  UV  wavebands.  Tlie  UVIM  was  designed  for 
niglUtime  observations,  that  is,  to  acquire  and  track  relatively  bright  objects  against  a  dark  background. 

IVo  coaligned,  intensified  charge-coupled  device  (ICCD)  cameras  are  used  in  concert  to  locate  the 
object  of  interc.st,  control  UVPl.  and  obtain  image.s  .md  radiometric  data,  llie  tracker  camera  and  the 
plume  camera  share  a  ll.xed  lO-cm  diameter  Cassegrain  telcscojie  that  uses  a  ginibaled  plane  steering 
mirror  to  view  a  field  of  regard  that  is  a  50*  half-angle  cone  about  the  spacecraft's  nadir.  Additionally,  a 
plane  mirror  on  the  instrument's  door  can  be  used  with  the  steering  mirror  to  extend  live  UVPl's  field  of 
regard  to  view  Barth's  limb  and  stars  near  Uic  limb  in  a  souttierly  direction. 

Tlic  tracker  camera  has  a  relatively  wide  field  of  view  of  2.0*  by  2,6*  and  a  single  bandpass  of  255  to 
450  nm.  Tlie  tracker  camera  has  Uirce  ptimary  futictions: 

•  its  wide  field  of  view  and  bright  image  arc  used  to  find  Uie  object  of  interest; 

•  images  from  the  tracker  camera  can  be  pniecssed  within  UV1»1  and  Uic  results  used  to  control  tiie 
gimbaled  mirror  for  autonomous  tracking  of  Uic  target;  and 

•  Ute  tracker  camera  is  calibrated  and.  tlicrefore,  it  can  otvtain  radiometric  da>a  witlun  its  bandpass. 

llic  plume  camera  has  a  much  narrower  field  of  view.  0.18*  by  0.14*,  and  ha.s  a  corre.spondingty 
hlglicr  resoluUon  than  the  tracker  camera,  llie  plume  camera  has  a  four-fX>siUon  filter  wl-eel  to  provide 
four  baiutpasscs:  195  to  29S  nm.  220  to  320  nm.  235  to  350  nm,  and  300  to  320  nm.  Only  one  bandpass 
can  be  selected  at  a  time,  Tlie  jmtposc  of  Uic  plume  camera  is  to  obtain  liigh-resolution  images  and 
radiometric  data  witliiu  its  bandtiasses. 

Imagc.s  are  digitized  and  can  be  immediately  tran,smiucd  to  Uw  ground,  .stored  in  tlie  UVIM's  digital 
tajie  recorder  for  later  transmission,  or  IkhIc  llie  iraasmi.s.sion  or  storage  rate  is  5  images  jxr  second  if  the 
full  field,s  of  view  of  Ute  cameras  are  selected,  or  30  images  jxir  second  if  reduced  fields  of  view  arc 
selcaed.  For  cacli  camera.  Uia  reduced  field  of  view  is  ajiproximatcly  17%  of  Uic  full  field  of  view.  Eacli 
camera  fias  a  radiomctiic  dynamic  range  greater  Uian  10^. 

In  a  typical  operation  for  a  rocket  plume  observation,  the  UVPl  was  progranniicd  by  ground 
aimniand  to  dynamically  jioint  Uic  gimbaled  mirror  .so  tlie  tracker-camera's  field  of  view  contained  tlie 
expected  tocaiion  of  Uie  plume.  A  selected  scan  pattern  was  superposed  on  tiic  dynamic  poitiUiig 
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trajectory  until  the  target  plume  entered  the  field  of  view  of  the  tracker  camera.  The  tracking  control 
electronics  within  the  UVPI  then  locked  on  the  target  plume  and  took  over  control  of  the  gimbaled  mirror 
to  bring  and  keep  the  rocket  plume  near  the  center  of  the  plume  camera's  field  of  view.  Both  cameras 
then  gathered  image  and  radiometric  data.  The  plume  camera's  filter  wheel  was  rotated  during  the 
observation  to  change  bandpasses.  If  the  target  plume  was  lost  because  of  coasting  between  stages  or  for 
other  reasons,  the  UVPI  could  use  extrapolation  or  search  modes  to  try  to  lock  on  the  target  again. 

Radiometric  calibration  of  the  UVPI  was  done  before  launch  and  confirmed  after  launch  by  star 
observations.  Stars  of  known  emission  spectrum  based  on  measurements  by  other  spaceborne  sensors 
were  used  for  post-launch  verification.  The  calibration  values  obtained  by  using  the  stars  are  close  to  the 
calibration  values  obtained  before  launch.  Calibration  based  on  the  star  measurements  is  used  as  the 
primary  calibration  of  the  instrument.  Reference  1  provides  a  complete  description  of  the  calibration  of 
the  UVPI. 

The  UVPI  was  operated  for  the  last  time  in  early  February  1993  to  find  out  if  it  was  still  working 
properly.  It  operated  normally.  The  data  were  not  saved.  It  is  interesting  to  note  that  the  commercial 
video  cameras  used  in  the  UVPI,  which  were  modified  only  slightly  for  use  in  space,  functioned 
successfully  for  three  years  in  space. 

An  NRL  report  describing  the  UVPI  [2]  is  being  widely  distributed  to  SDIO,  to  UVPI  data  users,  and 
within  the  NRL  LACE  Program. 

S3  Army  Background  Experiment 

ABE  started  out  as  the  Neutron  Background  Experiment  but  its  name  and  acronym  were  soon 
changed  (possibly  in  the  hope  of  capturing  the  attention  of  SDIO’s  first  director,  Lt.  Gen.  James  A. 
Abrahamson).  The  purpose  of  ABE  was  to  measure,  as  a  function  of  geomagnetic  latitude,  the  neutron 
background  specuum  and  the  angular  distribution  of  terrestrial  neutrons.  These  data  provide  information 
useful  for  designing  spaceborne  systems  to  discriminate  warheads  from  decoys. 

The  ABE  instrument  package  was  designed,  assembled,  tested,  and  calibrated  for  SDIO  by  LANL 
under  the  sponsorship  of  USASDC.  The  sensor  is  mounted  on  one  of  tlie  deployed  sensor  panels  on  Uie 
Earth-facing  end  of  the  spacecraft, 

5.4  Radiation  Detection  Experiment 

The  RDE  is  sensitive  to  electromagnetic  radiation.  Tlic  instrument  package  was  designed,  a.ssembled, 
tested,  and  calibrated  for  tiie  USAF  by  The  Aerospace  Corporation,  llic  RDE  sensor  is  mounted 
internally  on  the  Earth-facing  end  of  tiic  spacecraft's  main  body  and  looks  in  the  nadir  direction  Uuougli 
an  aperture. 

6.0  PROGRAM  ACCOMPLISHMENTS 
6.1  SAS-Related  Accomplishments 
Atmospheric  Compensation  Tests 

Many  SAS  operations  were  conducted  in  support  of  the  MiT/LL  SWAT  I’rogram  for  compensation 
of  atmospheric  induced  distortions  of  ground-based  laser  beams.  After  several  months  of  normal 
developmental  interaction  between  the  ground-based  SWAT  system  and  the  spaceborne  SAS  with  only 
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partial  successes,  a  completely  successful  coope  ative  atmospheric  compensation  demonstration  was 
achieved  on  30  November  1990.  Although  previously  accompli.'^  led  in  a  laboratory  environment,  this 
proved  that  atmospheric  compensation  would  work  with  a  real  spacecraft  at  ranges  of  hundreds  of 
kilometers  and  at  orbital  velocities.  After  the  initial  success,  many  more  successful  demonstrations  and 
tests  were  achieved;  the  SWAT  Program  was  completed  in  April  1991.  Successful  atmospheric 
compensation  is  essential  to  the  use  of  ground-based  lasers  for  strategic  defense. 

Cooperative  atmospheric  compensation  tests  with  the  LACE  satellite  could  use  two  or  three  ground- 
based  lasers:  an  illuminating  laser,  a  scoring  laser,  and  sometimes  a  triggering  laser.  An  illununating 
laser  beam  was  transmitted  to  tire  retroreflector  array  on  the  spacecraft’s  leading  boom.  The  retroreftector 
array  sent  an  undistorted  beam  back  toward  the  laser  site.  Distortions  caused  by  the  downward  passage 
through  the  atmosphere  were  meas'ired  al  the  laser  site,  and  tlie  scoring  laser  beam  was  compensated  to 
correct  for  the  measured  distortions  in  the  reflected  illuminating  beam.  When  synchronization  between 
the  scoring  beam  and  the  SAS  data  sampling  sequence  was  required,  transmission  of  the  compensated 
scoring  beam  was  preceded  by  transmission  of  a  pulse  from  the  triggering  laser.  Ideally,  the  length  of  the 
leading  boom  is  set  so  that  during  the  time  between  the  reflection  of  the  illuminating  beam  from  the 
retroreflector  array  and  the  arrival  of  the  compensated  scoring  beam  at  the  spacecraft,  the  spacecraft  will 
have  moved  the  length  of  the  boom,  and  the  compensated  scoring  beam  will  strike  the  target  board.  This 
allows  the  compensated  scoring  beam  to  transit  the  same  column  of  atmosphere  that  was  measured  by  the 
reflected  illuminating  beam,  This  sequence  of  beams  is  repeated  rapidly.  Tlie  SAS  measured  tlie 
intensity  and  oistribuUun  of  the  scoring  beam  over  the  4  m  by  4  m  target  board,  and  this  information  was 
transmitted  in  real  time  to  the  TGS,  which  immediately  relayed  it  to  the  laser  site.  The  SAS  data  was 
immediately  processed  and  displayed  in  the  laser  site  and  used  to  adjust  the  aim  of  the  scoring  laser. 
Later,  more  detailed  analysis  of  the  SAS  data  by  the  SWAT  Program  revealed  the  effectiveness  of  the 
atmospheric  compensation  technique  used  for  each  test.  Tire  SAS  data  also  provided  information  on 
atmospheric  •rb’'>once  and  its  effect  on  beam  propagation,  and  a  measure  of  tracking  accuracy  and  jitter 
for  tire  laser  eaai  director  and  its  stabilization  system. 

In  general,  there  was  only  one  pass  per  day  for  which  the  spacecraft  was  at  an  elevation  above  45° 
from  the  SWAT  laser  site  in  Hawaii.  Tire  time  duriirg  which  the  elevation  was  above  45°  and 
atnrosplreric  contpcrts-riion  tcsUirg  could  be  doire  was  nrrcly  greater  ilran  two  nrhrutes  per  day. 

Figure  2.  provided  by  the  MIT/LL’s  SWAT  Prograirr,  shows  the  qualitative  effect  of  successful 
atnrosplreric  conrpensation.  Each  hire  intersection  In  the  profiles  represents  tire  location  of  a  visible  array 
sensor  on  the  LACE  satellite's  target  board.  Ihe  top  beam  profile  shows  that  lire  energy  in  the 
urrconrpensaicd  scoring  beam  is  diffuse,  and  the  beam  energy  at  any  jxiiiri  on  the  target  board  is  small, 
lire  bottom  image  slrows  drat  lire  energy  In  lire  compcirsated  beanr  Is  Irighly  concentrated  rrear  lire  amter 
of  tire  target. 

A  rc[X)rt  published  by  the  SWAT  i*rograirr  (3)  descrilres  their  atnrosplreric  compeirsalioir  tests  using 
Urc  LACE  satellite. 

Retroreflector  Usage 

Illuirrinaiion  of  tire  L.3Cli  saicllitc's  relrorcnoctor  array  was  apjwoved  by  SDIO  for  Urc  following  groups: 

•  Defertso  .Space  Technology  Division.  Jet  Propulsioir  Laboratory 

•  Siarflrc  Optical  Range.  USAE  I’hillips  Laboratrrry 

•  Thermo  Electron  Tccltirologies,  San  Diego,  CA. 
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Fi£.  2  -  Qualitative  effect  of  tucemful  ittmosplicrtc  coiajKosaiioa 


Extendable  Dooms 

TIjc  lace  satellKc  has  ihree  idenUcal,  variablc-lcngih  l)ooms  lhai  can  be  extended  up  fo  150  ft. 
Although  many  btmm.s  had  been  down  on  satelliies  prior  to  LACE,  most  had  been  extended  only  once  to 
Uveir  desired  length  and  not  moved  again.  A  variable-length  boom  of  significant  Icngtli  liad  beer  flown 
on  one  shuttle  mission,  but  it  had  l>ecn  extended  and  retracted  only  a  few  times  during  Uic  mission,  which 
lasted  approximately  a  week,  live  LACE  satellite's  booms  had  to  extend  and  retrad  maity  times  during 
Uic  planned  3f>-montli  mission. 
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The  leading  and  trailing  booms  on  the  LACE  satellite  were  successfully  extended  and  retracted  more 
than  65  times  over  a  30- month  period,  with  a  range  of  lengths  from  15  to  150  ft.  A  few  boom  motions 
involved  a  fall  extension  or  retraction,  but  most  involved  a  smaller  change  in  length.  The  gravity-gradient 
boom  was  left  fully  extended  for  more  than  30  months  before  it  was  subjected  to  several  partial 
reti  actions  and  extensions.  This  boom  jammed  at  the  100-ft  length  during  these  final  tests  and  could  not 
be  rettirned  to  its  full  extension.  The  cause  of  the  jamming  is  not  known.  All  boom  length  changes 
occurred  at  a  rate  between  0.1  and  0.3  ft/s,  depending  on  spacecraft  voltage  level  and  tension  in  the  boom. 
Tlie  booms  were  supplied  by  AEC-Able  Engineering  Company. 

Boom  Vibration  Measurements 

SDIO's  Directed  Energy  Office  (SDIO/TND)  and  the  NASA  Langley  Research  Center  sponsored  a 
series  of  tests  in  which  the  NRL  Systems  Analysis  Branch  and  the  Laser  Radar  Measurements  Group  of 
MITT.L  illuminated  the  LACE  satellite  to  measure  vibrations  in  the  leading  boom  during  and  after 
motion.  Several  successful  tests  were  conducted.  Tl\e  tests  demonstrated  a  technique  for  obtaining  data 
on  large  space  structures  (such  as  antennas,  solar  panels,  radiators,  and  trusses)  and  provided  data  useful 
for  validating  dynamic,  structural  models  of  spacecraft  in  orbit. 

In  support  of  these  tests,  tire  LACE  satellite  carries  two  1.5-in.-diameter  and  one  1 -in. -diameter 
germanium  cornercube  retroreflectors.  The  1-in. -diameter  germanium  cornercube  retroreflector  is 
mounted  on  tlie  retroreflector  array  (Section  5.1).  One  of  the  larger  retroreflectors  is  mounted  on  the 
Earth-facing  panel  of  the  main  body  of  tlie  spacecraft,  and  the  other  is  mounted  at  tlie  end  of  the  trailing 
boom.  Bob'  of  ti'"  largei  retroreflectors  have  a  filter  to  prevent  retroreflection  of  wavelengths  shorter 
than  5  pm  avoid  interfering  with  atmospheric  compensation  tests.  All  tlirce  germanium  retroreflectors 
point  in  tlie  spacecraft's  nadir  direction. 

To  con  'uct  die  boom  vibni'ion  tests,  an  argon  ion  laser  operating  with  a  wavelength  of  514.5  nm 
il’uminatcHl  the  retroreflector  a:. ay  to  provide  a  reflected  signal  for  trucking  and  a  narrowband,  pulsed 
CC)2  laser  oper'ting  c!  ld.6  pm  functioned  as  a  laser  radar.  Both  lasers  arc  located  at  MiT/lJ/s  Firepond 
site  near  vVestford,  Massachu.setts.  Doppler  measurements  using  the  CO2  laser  could  measure  relative 
velocities  as  small  as  3  mm/s  between  the  boom  tip  and  the  spacecraft’s  main  body. 

Tlie  primary  objective  was  to  obtain  vibration  data  for  the  leading  boom,  llie  leading  boom  was 
moved  and  data  collected  during  and  after  tiie  motion.  Figure  3  shows  boom  tip  motion  relative  to  the 
spacecraft's  main  body  during  and  unmediately  after  retraction  of  the  leading  bcxim  from  a  32-  to  a  IS-ft 
length  in  67  s.  Tins  relative  motion  of  tl-.e  boom  '.p  is  a  coinjxi.sitc  of  pitch  motion  of  the  spaci‘cr,!ft  at  the 
orbital  period,  retraction  of  the  IxKim,  and  vibrations  induced  by  the  retraction,  lire  solid  '.me  in  the 
figure  l,s  the  nuKleled  effect  of  llu  pitch  motion  and  reaction  contributions,  as  -seen  from  die  lev  r  site. 

Attitude  Stabilization 

IkKim  motion  in  sutvpiiri  of  the  ainiosphent  comjxmsalion  tesus  was  expected  to  cau,sc  disn  .rhanccs  in 
die  .spacecraft's  attitude,  e.spcclally  pitch,  lids  was  not  a  problem  in  using  the  SAS,  bn*  ;t  became  a 
problem  with  die  later  addilitm  of  die  UVFI.  For  SAS  use,  the  normal  to  the  .spaccaaft's  tar  ^ei  board  was 
required  to  lie  widiin  3”  of  nadir  during  d.'  test,  with  a  further  requirement  that  it  must  lie  possible  to  later 
determine  the  actual  attitude  during  the  test  to  within  1°.  F'or  UVFI,  the  2®  ftcld  of  view  of  the  tracker 
camera  required  that  the  aititmle  of  the  .spacecraft  be  kno"'n  to  less  than  1®  during  the  L'VFl  observation. 
Constraints  of  the  UVFI  use  were  frequently  suen  that  the  best  aporoach  was  to  try  to  keep  the 
spacecraft's  attitude  to  within  I®  of  nadir  a;  ad  times.  However,  die  siiacecrafVs  attitude  control  system 
was  not  designed  to  maiiilain  the  alliiude  to  wiUiiu  1°  of  nadir. 
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Fig.  3  -  Leading  booo)  Up  motioo  rdativo  to  tpaoecrail's  mam  body 

During  pre-launch  analysis  and  simulation  of  the  attitude  oscillations,  it  became  clear  that  pitch 
oscillations  from  boom  motion  were  a  result  of  the  cliangc  in  pitcli  attitude  equilibrium  position  between 
Uie  initial  and  final  boom  lengths.  If  a  large  cliangc  in  boom  lengtlis  resulting  in  a  relatively  large  change 
in  pitch  attitude  equilibrium  position  was  made  quickly,  the  spacecraft  would  approach  tiie  final 
equilibrium  position  witli  significant  pitch  velocity,  pass  beyond  the  equilibrium  position,  and  llien 
oscillate  about  the  final  equilibrium  {wsitlon.  The  amplitude  of  tliis  o-scillatlon  depended  on  the  pitch 
velocity  while  passing  lluough  the  final  equilibrium  position.  If  the  booms  were  moved  slowly,  however, 
llie  pitcli  velocity  wliile  passing  tluough  die  final  equilibrium  position  was  lower  and  the  am{ditude  of  die 
resulting  pitcli  oscillation  was  smaller. 

Slow  boom  modon  to  control  pitch  amplitude  worked  so  well  widi  die  l-ACE  satellite  diat  its  attitude 
was  rarely  more  than  1®  from  nadir.  Because  the  LACE  satellite's  booms  could  be  moved  only  at  one 
speed,  slow  boom  motion  was  acliievcd  by  moving  the  booms  in  short  intervals  evenly  distributed  over  a 
pitch  oscillaUon  period.  Tlic  natural  pitch  oscillation  period  was  approximately  71  rain,  but  a  forced  pitcli 
osclliaUon  period  at  die  orbital  period  was  usually  domi  limit. 

If  slow  boom  motion  could  not  adequately  control  die  pitcli  amplitude,  a  tcclmiquc  called  dcadbcatlng 
(4)  was  to  be  used  to  reduce  tlie  amplitude.  This  technique  required  tliat  any  of  the  three  booms  be 
rctractwl  a  short  distance  wliilc  die  total  pitch  angular  momentum  was  at  or  near  miidmum  and  extended 
back  to  its  original  position,  or  a  nearby  new  position,  wlien  die  total  pitch  angular  momentum  was  at  or 
near  maximum.  The  total  pitch  angular  monienluni  included,  and  was  dominated  by,  die  orbital  angular 
momentum.  However,  the  success  of  the  slow  boom  motion  tcclmiquc  meant  dial,  to  test  the 
cffccUveness  of  deadbeaUng,  die  opposite  of  dcadbeaiing  had  to  be  used  first  to  increase  the  pitch 
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oscillation  amplitude.  The  deadbeating  tests  showed  that,  if  rapid  boom  length  changes  were  required 
such  as  to  support  the  boom  vibration  tests  desaibed  in  Section  6. 1 ,  deadbeating  could  be  easily  used 
later  to  reduce  the  pitch  oscillation  amplitude  to  within  1°  in  a  few  hours. 

The  slow  boom  motion  and  deadbeating  techniques  were  so  effective  that  SAS  or  other  tests 
involving  boom  motion  could  be  conducted  with  confidence  that  a  stable  platform  within  1°  of  nadir 
could  be  provided  to  support  a  UVPI  observation  24  h  later.  Reference  5  desCTibes  the  deadbeating  tests 
and  pitch  attitude  control  of  the  LACE  satellite  through  slow  boom  motion. 

Navy  Low  Power  Chemical  Laser  Tests 

The  Navy  High  Energy  Laser  Program  Office  (SPAWAR  232-1)  planned  a  series  of  low-power, 
ground-to-space  laser  beam  control  and  propagation  tests  using  the  SeaLite  Beam  Director,  the  LPCL, 
and  the  LACE  satellite's  SAS.  The  laser  and  beam  director  are  located  at  the  High  Energy  Laser  System 
Test  Facility  (HELSTF)  in  White  Sands,  New  Mexico.  Because  the  TGS  was  not  to  be  located  at  the 
laser  site,  extensive  computer  software  was  developed  to  quickly  process  IR  sensor  array  data  as  it  was 
received  in  the  TGS  at  Vandenberg  AFB  so  it  could  be  transmitted  over  ordinary  telephone  lines  to  the 
laser  site  in  time  to  allow  them  to  use  it  to  control  their  beam.  Tapes  of  the  unprocessed  SAS  data  were  to 
be  provided  later  by  the  TGS,  and  all  analysis  of  the  SAS  data  was  to  be  done  by  the  Navy  High  Energy 
Laser  Program  Office.  These  were  to  be  the  final  series  of  tests  using  the  LACE  satellite.  However, 
autliorlzalion  to  conduct  these  tests  was  deified  in  January  1993. 

62  UVPl-Rclated  Accomplishments 

Rocket  Plume  Observations 

Tlie  UVPI  collected  IfighHiuality,  calibrated  UV  emission  images  from  four  rocket  launches  in  four 
attempt.s.  Tlic  seven  Ifigh- altitude  rocket  plumes  observed  by  Uic  UVPI  during  the  four  launches  were  the 
tlfird  stage  of  Uie  Special  Project  Flight  Exiwriment  1  (SPITi  1)  from  Wallops  Island.  Virginia  on  25 
August  1990;  the  third  and  fourth  stages  of  the  Starbird  Development  Launch  from  Florida  on  18 
December  1990;  the  second  and  tlfird  stages  of  the  Low  Cost  Launch  Vehicle  (LCLV)  from  WaUop.s 
Island  on  6  February  1991;  and  the  second  and  tlfird  stages  of  the  Strypi  rocket  from  Kauai.  Hawaii,  on  18 
I'cbruary  1991.  Tlic  plume  camera  data  obtained  for  tlicsc  Ifigh-aliiiude  plumes  in  the  195  to  295  nin  and 
220  to  320  nm  bandpasses  are  not  obtainable  from  the  ground  because  it  is  hhKked  by  Earth's  ozone 
layer.  Tliese  sucojssful  observations  have  provided  more  than  150  s  of  calibrated  plume  images  from 
space.  All  UVPI  plume  ohservaiion  data  have  been  proce,ssed  by  the  NRl .  LACE  l*rognim  and  archived 
in  the  SDIO  Plumes  Data  Center  at  Arnold  AIT),  Tennesa’c,  and  tlic  SDIO  Backgrounds  Data  t'enter  at 
NRL.  Comprehensive  NRL  report,s  dasalbing  the  plume  obscrs'atlons  and  presenting  Uie  UWI  data  {6-9) 
are  being  widely  distributed  to  SDIO,  to  UVPI  data  nan's,  and  wiilfin  Uie  NRL  LACE  I*rogram. 

Figure  4  shows  the  UV  emission  in  the  220  to  320  nm  band  of  the  third-stage  plume  of  Uie  SPFE  1 
launch  from  a  range  of  approximately  450  km.  It  is  a  composite  image  formed  from  the  average 
coritribuUon.  after  background  subtraction,  from  each  picture  clement  in  72  frames  collected  over  a  3.4-s 
Umc  span.  Tlic  image  is  a  32  by  32  picture  clement  array  enlianced  by  smooUfing  interpolaUon.  The 
plume  intcasity  has  been  mapped  to  a  false-color  scale  with  wlfite  representing  Uie  Ifigliest  intensity.  Tliis 
image  was  used  by  Aviation  Week  &  Space  Technology  magazine  as  Uie  cover  for  their  8  Ajiril  1991 
issue.  All  UVPI  image  processing  for  the  NRL  LACE  Program  was  done  by  Applied  Colicrent 
Technology  CorporaUon. 
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!•l,c  -I  Situn'iln'd  tomjv'.'iiii*  iiiuijiv  of  I  'V  enusMun  from  n>i'kci  plumo 


Alitumyti  tifc  NKl.  I  Pfograiii  succossl'ully  Dhsctvcii  plumes  Itiuii  loin  lauiiclies  out  ol  tout 
altettipls.  interactions  occurreii  on  many  more  launclies  lor  which  no  haia  weie  ohtamed  because  the 
launch  iliil  not  occur  viIk'h  the  I  AC'P  satellite  was  nearby.  Table  1  lists  IS  launch  o|i(H>nunities  lot  which 
some  amount  of  coo|x*ration  by  the  launchiiii;  projttam  was  expected  or  occurred  and  some  effort  was 
tnaile  to  obtatii  UVl’I  una}tes  of  the  plumes  In  some  cases,  such  as  the  SPI- AK  !l  launch  m  Jul>  i'-WO, 
the  UVPI  team  completed  all  planiuiuf  and  prepatatton.  conducted  lout  rehearsals,  and  earned  out  two 
observation  attempts  dutini;  which  the  rocket  could  not  laimcli  because  an  umbilical  wouKI  not  detach 
'Ilie  nvkel  launched  appri'Ximately  2A  haflet  tlie  last  observatiim  attempt  b>  UVPI,  but  the  l  .Af'P.  passes 
ovet  the  launch  site  no  loniter  fell  wiihm  the  launch  window.  In  other  ca.ses.  such  as  the  DMSP  launch  m 
November  1 W).  the  launchint;  pr\>i;tam  nuule  a  division  to  launch  at  a  time  when  I  Af'P  was  luit  nearbs 
aher  .siv;nirK-ant  p.lanninif  and  preparalion  had  bevun  but  Ivlote  a  tehearsal  mvolvimt  the  I  AUp  satellite 
had  been  conducted.  All  rehearsals  listed  in  Table  1  iinohed  the  l  At'P'  satellite  ITe  three  shuttle 
entries  in  Table  I  ivnain  to  ob.seivatioii  attempts  aftei  the  shuttle  was  in  orbit  and  not  to  the  actual  launch 
of  the  shuttle.  Attempts  to  observe  plumes  from  the  mbitini.'  shuttle  had  a  low  expectation  ol  success 
iHvause 

•  two  bodies  Itavehni;  at  oibilal  velocities  were  involved. 

•  the  obsetxaiioii  opixirtuniiy  inevitably  ivcuneil  away  lioni  I  .At ‘I-  itiouiul  stations  and  had  to  Iv 
controlled  by  stored  commands. 

•  the  shuttle  could  and  did  change  its  oibii  after  the  controlling  ct'inmands  were  stored  in  the  I  AC'P 
satellite,  and 

•  NA.SA  could  never  guarantee  that  there  would  Iv  plume  generating  activiiv  during  tlie  few 
seconds  ol  the  observation  opjxirtunity. 
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Table  1  -  UVPI  Plume  Observation  Activity 
Observation 


Date 

Target 

Rehearsals 

Attempts 

Comments 

Mar 

90 

Titan 

0 

0 

Launch  outside  LACE  pass 

Jul 

90 

SPEAR  II 

4 

2 

Launch  outside  LACE  pass 

Aug 

90 

SPFE  1  (Nihka) 

3 

1 

Plume  observed 

Nov 

90 

Titan 

3 

0 

Launch  outside  LACE  pass 

Nov 

90 

DMSP 

0 

0 

Launch  outside  LACE  pass 

Dec 

90 

Shuttle 

0 

3 

Daylight,  remote;  no  plume 

Dec 

90 

LCLV 

1 

0 

Launch  rescheduled 

Dec 

90 

Starbird 

3 

1 

Hume  observed 

Dec 

90 

LCLV 

2 

0 

Launch  rescheduled 

Feb 

91 

LCLV 

3 

I 

Plume  observed 

Feb 

91 

Strypi 

5 

1 

Plume  observed 

Apr 

91 

SPFE  2  (Nihka) 

5 

0 

Launch  outside  LACE  pass 

May 

91 

Shuttle 

0 

1 

Night,  remote;  no  plume 

May 

91 

GBI/ERIS 

3 

0 

Launch  outside  LACE  pass 

Jun 

91 

AST 

3 

0 

Launch  rescheduled 

Jul 

91 

Pegasus 

2 

0 

Launch  outside  LACE  pass 

Nov 

91 

Shuttle 

0 

0 

Early  return;  no  opportunity 

Mar 

92 

Shuttle  solid 

2 

1 

Hume  observed;  ground  burn 

Tlie  successful  observation  of  the  ground  bum  of  Utc  shuttle  solid  rocket  motor  in  March  1992  was 
not  intended  for  collection  of  good  UV  plume  data  because  tlie  ozone  layer  was  between  the  plume  and 
UVPI.  It  was  intended  and  used  as  a  verification  of  Utc  plume  camera's  niters. 

In  general,  the  investment  of  $DIO  funding  in  a  launch  greatly  enhanced  cooperation  by  the 
launcliing  program.  The  Starbird  Development  Launch  was  a  supporting  element  of  SDIO’s  Starlab 
IVogram,  and  Imaging  by  UVPI  was  one  of  tlte  launcli’s  specific  objectives.  Tlie  Strypi  rocket  launch  was 
funded  by  SDIO  primarily  to  provide  a  target  for  UVPI.  Tlie  LCLV  launch  was  partially  funded  by 
SDIO.  Tlie  SPFE  launches  were  in  .support  of  anoltier  SDIO  program.  Imaging  by  UVPI  was  a  minor 
objective  for  the  ,SI*FE  I  launch,  and  it  was  scheduled  for  a  lime  when  the  LACE  satellite  was  not  in 
view.  Tlie  launch  was  delayed  by  ground  problems  for  almost  two  hours.  When  tlie  problems  were 
solved  and  launch  was  possible,  a  LACE  satellite  pass  was  only  a  few  minutes  away  and  Uic  launch  was 
llicn  held  for  LACE.  However,  repeated  cooperation  by  Uic  Strategic  Air  Command  (SAC)  and  NASA 
witliout  SDIO  funding  was  frustrated  by  primary  mission  coastraints  tliat  were  incompatible  with  imaging 
opportunities.  One  regret  of  the  NRL  LACE  I^ogram  is  tliat  an  opportunity  never  arose  to  obtain  images 
of  a  plume  from  a  liquid-fueled  rocket. 

Flunxe  Observation  Operations 

Each  of  the  plume  observations  involved  extremely  precise  mission  planning  and  operations 
techniques  to  deal  with  tlie  split>sccond  timing  necessary  to  acquire  and  track  missiles  in  midnight  ironi 
an  orbiting  platform,  llendix  Field  Engineering  Corporation,  now  AlliedSignal  Technical  Services 
Corporation,  was  responsible  for  all  NRL  LACE  Program  mission  planning  and  operations.  Barrios 
Teclinotogy  Incorporated  assisted  witli  mission  planning. 
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Attitude  Prediction  and  Verification 

The  most  difficult  obstacle  to  successful  plume  observations  was  probably  the  LACE  satellite’s 
attitude  sensors.  The  attitude  control  system  and  the  attitude  sensors  were  designed  to  support  the  SAS. 
For  SAS  use,  the  normal  to  the  spacecraft's  target  board  was  required  to  be  witliin  3“  of  nadir  during  the 
test,  with  a  further  requirement  that  it  must  be  possible  to  later  determine  the  actual  attitude  during  the  test 
to  within  1°.  For  UVPI,  the  2®  field  of  view  of  the  tracker  camera  required  that  the  attitude  of  the 
spacecraft  be  known  to  less  than  1°  during  the  UVPI  observation.  The  attitude  sensors  were  modified 
after  the  addition  of  the  UVPI.  Initially,  the  attitude  sensors  comprised  a  sun  sensor  to  provide  the 
direction  from  the  spacecraft  to  the  sun.  and  a  magnetometer  to  provide  the  orientation  of  the  spacecraft 
w  ith  respect  to  Earth’s  magnedc  field.  The  sun  sensor  was  useless  in  darkness;  the  UVPI  was  designed 
for  nighttime  observations.  An  Earth  horizon  sensor,  which  could  function  in  daylight  and  darkness,  was 
added  specifically  to  support  the  UVPI. 

The  horizon  sensor  provided  roll  and  pitch  measurements  accurate  to  better  than  ±0.5®,  but  no  yaw 
measurements.  Also,  there  were  yaw  measurement  discontinuities  of  approximately  1®  as  the  satellite 
transitioned  between  daylight  and  darkness.  Since  the  real-time  attitude  measurement  uncertainty  could 
be  a  few  degrees,  operational  techniques  had  to  be  devised  to  improve  the  attitude  knowledge.  Tlicse 
techniques  involved  prediction  of  the  spacecraft’s  pitch,  roll,  and  yaw  over  many  hours  and  real-time 
verification  of  U>e  pitch,  roll,  and  yaw  by  using  UVPI  itself  to  observe  a  star  at  Uie  beginning  of  a  plume 
observation  pass. 

Tlte  .spacecraft’s  pitch,  roll,  and  yaw  varied  in  a  rough  sinusoidal  pattern  with  a  period  usually  at  the 
orbital  period.  Approximately  3  h  before  a  plunte  observation  attempt,  continuous  attitude  data  from  the 
previous  10  to  12  h  would  be  analyzed  to  identify  the  sinusoidal  patterns  for  pilch,  roll,  and  yaw  and  to 
predict  tlte  spacecraft’s  attitude  at  the  beginning  of  the  plume  observation  pass  and  at  file  beginning  of  the 
plume  observation  it.self.  Based  on  these  predictions,  pointing  functions  for  UVPI  were  calculated  for  a 
selected  star  and  for  the  rocket  plume.  Tliesc  prediction-based  pointing  functions  were  stored  in  the  UVPI 
during  a  pass  I  to  2  h  before  the  plume  observation  pass. 

Stored  commaixls  turned  on  the  UVPI,  and  the  stored  pt)lnting  function  aimed  it  toward  the  selccterl 
star  shortly  l>efore  the  spacecraft  could  communicate  with  liie  ground  station  on  the  plume  observation 
|W.ss.  When  the  communication  link  was  established,  the  selected  star  u.sually  would  be  in  Ute  tracker 
camera's  field  of  view.  If  the  .star  was  not  seen  by  the  tracker  camera,  a  slight  adjustment  of  the  UVPI 
dtH)r  mirror  brought  the  star  into  the  field  of  view.  Tlic  planning  and  preparation  pliase  for  each  plume 
observation  included  a  calculation  of  the  signal  .strength  for  the  .sclccierl  .star,  which  was  verified  duritig 
the  rehearsals  by  using  the  spacecraft  and  die  UVPI.  As  .soon  as  there  was  certainly  that  the  selected  star 
was  within  the  field  of  view  of  the  tracker  camera,  authorization  to  launch  the  rocket  was  given.  For  the 
sStrypi  launch,  there  were  only  35  s  between  expected  establishment  of  tlic  communications  link  and 
sctiedulcd  launch  linre  for  the  rocket. 

Real-time  attitude  measurements  were  now  available  from  lire  spacecraft,  but  Ute  accuracy  of  the  real¬ 
time  yaw  mea.surement  was  inadequate,  llterefo.-e,  the  gitnbaled  mirror  in  the  UVPI  was  driven  in  a 
.small-amplituile  .sinusoidal  yaw  patteni.  and  the  limes  of  transit  of  the  selected  star  through  the  centerline 
of  the  field  of  view  and  the  gimbal  angles  at  centerline  transit  were  obtained,  (iround  .software  quickly 
proa*ssed  lhe,se  data  to  provide  an  accurate  yaw  measurement  for  u.sc  in  sub.sequcnt  calculaiioms  during 
tltis  plume  observation  pass.  U.sually  the  predicte'd  values  for  pitch  and  roll  agreed  well  with  the  real-time 
mea.suretuents,  hut  a  rlccisit)n  was  made  to  chiwse  either  the  predicted  or  the  real-time  pitch  and  roll 
values  for  subsequent  calculations.  Tlte  mea.sured  yaw  value  and  live  .selected  piicli  and  roll  values  were 


18 


D.  M.  Horan  et  al 


then  used  to  calculate  a  new  pointing  function  for  the  selected  star.  This  pointing  function  was  quickly 
transmitted  to  the  spaceaaft  and  used  to  point  UVPI's  gimbaled  mirror.  Positioning  of  the  selected  star 
near  the  center  of  the  field  of  view  of  the  tracker  camera  verified  that  the  selected  attitude  values  were 
good.  They  were  then  used,  along  with  the  exact  launch  time  of  the  rocket,  to  calculate  a  new  pointing 
function  for  the  rocket  plume.  During  this  calculation,  the  UVPI  door  was  opened  fully  in  preparation  for 
the  plume  observation,  and  the  proper  filters  and  gain  settings  were  selected  by  stored  commands.  The 
new  pointing  function  for  the  rocket  plume  based  on  verified  attitude  data  and  actual  launch  time  was 
transmitted  and  stored  in  UVPI. 

References  10  and  1 1  provide  a  more  detailed  description  of  these  operational  procedures. 

UVPI  Gain  Limit 

During  at  least  one  rehearsal  for  a  plume  observation,  the  background  scanned  by  the  UVPI  was 
virtually  identical  to  the  background  that  would  be  observed  during  the  plume  observation.  The  UVPI 
data  from  the  rehearsals  was  examined  to  identify  bright  background  objects  seen  by  the  tracker  camera. 
Background  objects  nearly  as  bright  or  brighter  than  the  plume  could  result  in  the  UVPI  tracking  a  bright 
background  object  and  Ignoring  the  plume.  Operational  procedures  would  then  be  devised  to  prevent 
tracking  the  wrong  target.  If  tlic  rocket  plume  was  expected  to  be  much  brighter  Uian  any  background 
object,  the  automatic  gain  control  on  tlie  tracker  camera  was  limited  so  that  no  background  object  could 
be  detected,  but  Uie  brighter  plume  would  be  deteaed.  This  was  usually  the  case,  and  it  provided  an 
opportunity  to  obtain  a  few  extra  seconds  of  plume  data. 

Usually,  tlie  UVPI  was  first  pointed  at  the  rocket  wliile  tltc  rocket  was  coasting  between  stages  and 
there  was  no  plume.  A  few  seconds  before  ignition  of  Ute  upper  stage,  the  UVPI  would  be  commanded  to 
lock  on  any  bright  object  in  the  field  of  view  of  the  tracker  camera.  Tlte  limit  on  the  automatic  gain 
control  ensured  that  no  bright  object  was  witliin  the  field  of  view  and  tracking  lock  was  impossible. 
Tlien,  as  soon  as  tlte  rocket  ignited  and  a  plume  appeared,  tracking  lock  would  be  established  in  response 
to  the  earlier  command.  Until  tracking  lock  was  csiabHshcd,  the  plume  would  not  be  within  tlie  field  of 
view  of  tlve  plume  camera.  Tliis  procedure  was  also  used  to  ensure  tracking  lock  at  the  moment  of 
igirition  of  any  sub.scquent  stages.  Without  tlUs  procedure,  the  comtnand  to  lock  on  a  bright  object  had  to 
be  delayed  until  tlte  UVI‘I  operator  in  the  ground  station  recognized  the  rocket  plume  in  tlte  transmitted 
trackcr-camcra  image.  Tliis  resulted  in  several  seconds  of  lost  plume  camera  data. 

Background  Obserwtums 

UVPI's  observations  of  Earth  background  incluile  southern  auroral  eveitis,  measurcinetiis  of  Earth's 
limb  under  different  ligliiing  conditions,  day  and  night  nadir  .scans,  measurements  near  an  erupting 
volcano,  and  measurements  of  ciniK,sion  from  city  and  highway  lighting.  Observations  of  background 
l^ienotnena  arc  essential  lo  the  design  of  effective  UV-based  scivsing  systems.  Tlte  UV1*I  data  can  help 
undcr.siand  how  much  contrast  there  will  be  between  a  rocket  plutne  aitd  various  background  features  and 
will  Identify  background  ptienomcna  that  could  fool  a  .sensing  system. 

Appendix  A  is  a  log  of  ail  UVPI  observations.  Of  the  239  ob.servations,  101  arc  identified 
.specifically  as  background  observatioas.  Data  from  ail  UVPI  observations  have  been  processed  by 
Applied  Coherent  Technology  Corixtraiion  for  Ute  NRL  LACE  I’rogram  and  depo.siied  in  tlte  SDIO 
Backgrouitds  Data  Center  at  NRL. 
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Although  the  UVPI  was  specifically  designed  for  nighttime  use  with  bright  objects  against  a  dark 
background,  daytime  nadir  scans  and  measurements  of  Earth's  limb  were  made  in  an  attempt  to  extend  the 
usefulness  of  the  instrument  and  obtain  needed  data.  A  recent  analysis  of  the  daytime  UVPI  data  for 
SDIO  by  The  Johns  Hopkins  University  Applied  Physics  Laboratory  (APL)  concluded  that  scattered  light 
from  extended  sources  beyond  the  field  of  view  of  the  plume  camera  severely  contaminated  daytime  limb 
and  nadir  observations.  The  results  of  this  analysis  are  given  in  an  unpublished  APL  report  dated  25 
September  1992,  "UVPI  Plume  Camera  Daytime  Evaluation." 

Joystick  Control 

An  operator  in  a  ground  station  can  control  the  gimbaled  mirror  in  UVPI  by  means  of  a  joystick. 
While  viewing  the  real-time  images  from  the  tncker  camera,  the  operator  can  cause  an  object  of  interest 
to  be  centered  in  the  tracker  camera's  field  of  view  and,  thus,  bring  it  into  the  smaller  field  of  view  of  the 
plume  camera.  This  can  be  useful  for  targets  that  the  tracking  system  is  unable  to  lock  on  because  tliey 
are  diffuse  or  tliere  is  insufficient  contrast  with  the  background.  The  joystick's  initial  purpose  was  to 
allow  plume  camera  observations  of  rocket  plumes  in  daylight.  The  operator  can  hold  weak  targets  within 
the  field  of  view  of  the  plume  camera  or  cause  the  plume  camera  to  scan  extended  targets.  Tests  using  the 
joystick  demonstrated  that  this  could  be  done  easily  after  only  a  little  training  and  practice.  Control 
buttons  on  tlie  joystick  could  be  given  various  functions,  such  as  transferring  fracking  control  to  UVPI  if 
the  UVPI  indicated  that  it  was  capable  of  ciosed-loop  fracldng. 

Radar-Enhanced  Tracking  of  Flumes 

Radar-enlianccd  tracking  of  plumes  (RETOP)  involved  using  data  from  a  launch  site's  radar  to 
indicate  tlie  direction  and  distance  of  the  rocket  with  reference  to  the  center  of  the  tracker  camera's  field 
of  view.  Tills  information  was  displayed  us  a  cursor  superposed  on  the  real-time  tracker-camera  image 
used  by  the  joystick  operator.  If  the  target  was  beyond  the  field  of  view»  of  the  tracker  camera,  the  cursor 
would  be  located  at  the  edge  of  the  image  and  Indicate  the  relative  azitnuth  to  the  target.  Tlie  operator 
cNJuld  use  the  joystick  to  bring  the  cursor  to  the  center  of  the  tracker  camera's  field  of  view.  RETOP  was 
useful  for  assuring  Uiat  UVPI  was  pointing  at  a  rocket  wliile  it  was  coasting  between  stages. 

63  ABE'Related  Accomplishments 

Operational  interactions  between  the  NRL  lJ\CE  I^rogram  and  LANL  gave  assurance  that  the  ABE 
hardware  worked  as  designed,  and  highly  .successful  measurements  of  the  neutron  background  in  space 
were  made  almost  continuou.sly  following  launch.  All  ABE  data  have  been  delivered  to  I.ANl.  for 
processing  and  analysis.  References  12  ilirough  14  describe  tlie  ABE  instrument  and  provide  results  of 
Uie  data  analysis. 

6.4  RDE-Relatcd  Accomplishments 

RDE  made  mca,suremenis  over  14  montlis.  and  all  data  were  turned  over  to  The  Aerospace 
Corporation  for  processing  and  analysis. 

6.5  Program  Honors 

Hie  NRL  LACE  IVogram  mceived  letters  of  commendation  from  two  Directors  of  SDIO,  Lt.  Gen. 
James  A.  Abraham.son  and  Ambassador  Henry  Cooper,  and  from  SDIO's  Deputy  Director  for 
Tccluiology,  Dr.  Micliael  I).  Griffin. 
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In  recognition  of  the  NRL  LACE  Program,  NRL  was  awarded  the  1991  Strategic  Defense  Technical 
Achievements  Laboratory  Award  of  the  American  Defense  Preparedness  Association  based  on 
nomination  by  SDIO/TND. 
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8.0  FUNDING  HIS'IXJRY 

llu:  NRL  lj\CE  Program  was  sponsored  by  SDIO/TND.  Tidrlc  2  summarizes  the  funding  by  fiscal 
year. 


Table  2  -  landing  by  Fiscal  Year 


Bscal  Year 

Ifuiiilins 

(SM) 

19S5 

l.O 

l9xS6 

10.3 

19S7 

13  5 

1988 

29.5 

1989 

22.7 

1990 

25.6 

1991 

20.8 

1992 

4.6 

1993 

0.6 

Total 

S128.6M 

LACE  Final  Report 


23 


Included  in  the  total  of  $128  5  million  is  $10.4  million  that  was  sent  to  other  programs,  such  as 
SWAT,  at  SDIO's  direction.  Not  included  in  Table  2  is  $4.1  million  obtained  from  other  sources  with 
SDIO's  knowledge.  Net  funding  for  tiie  NRL  LACE  Program  was  $122.3  million. 

9.0  LESSONS  TO  BE  LEARNED 

9.1  Rocket  Plume  Targets 

There  was  significant  expectation  that  rocket  launching  programs  external  to  the  NRL  LACE 
Program,  and  even  external  to  SDIO,  could  be  persuaded  to  make  minor  adjustments  in  their  launch  times 
to  allow  the  UVPI  to  observe  their  rocket  plumes.  Although  there  appeared  to  be  willingness  to  cooperate 
for  many  launches,  real  cooperation  never  occurred  unless  observation  by  UVPI  was  a  specific  objective 
of  the  launch.  Launch  managers  had  a  great  desire  to  launch  as  soon  as  they  were  ready  during  their 
launch  window.  Short  delays  in  launching  could  result  in  completely  missing  a  launch  opportunity  if  the 
weather  suddenly  changed  or  a  plane,  train,  or  ship  entered  a  restricted  area.  Missed  launch  opportunities 
add  cost  and  can  jeopardize  the  success  of  a  program.  Realistically,  no  launch  manager  is  going  to  hold  a 
launch,  even  briefly,  just  to  be  cooperative  because,  by  doing  so,  the  launch  program  and  the  launch 
manager  risk  much,  but  can  gain  nothing. 

9.2  Funding  Continuity 

Even  on  adequately  funded  programs,  short-duration  funding  shortages  occur  that  cannot  be  removed 
until  the  beginning  >f  the  next  fiscal  year.  When  satellite  programs  encounter  these  funding 
discontinuities,  a  decision  is  made  to  continue  spending  at  an  adequate  level  for  pre-launch  activities  and 
absorb  the  fundi.-g  shortage  entirely  within  preparation  for  post-launch  activities.  There  is  usually  no 
viable  alternative  unless  the  launch  oate  is  extended.  The  decision  to  absorb  the  funding  shortage  within 
preparatio  for  post-launch  activities  can  result  in  an  i.jability  to  obtain  hardware  and  software,  and  even 
personnel,  critical  to  post-launch  activities  in  a  timely  manner  and  disappointment  with  the  post-launch 
performance.  Minimal  post-launch  impact  is  seen  as  delays  in  processing  data.  The  ultimate  post-launch 
impact  would  be  failure  to  obtain  data  from  tlie  spacecraft.  This  dilemma  has  been  around  since  the 
beginning  of  the  space  age.  It  may  not  have  a  solution,  but  it  must  be  recognized  and  managed. 
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APPENDIX  A 

LOG  OF  UVPI  OBSERVATIONS 


Table  A1  lists  all  UVPI  observations.  Data  from  all  UVPI  observations  have  been  processed  by 
Applied  Coherent  Technology  Corporation  for  the  NRL  LACE  Program  and  deposited  in  the  SDIO 
Backgrounds  Data  Center  at  NRL.  Data  from  the  four  rocket  plume  observations  were  also  deposited  in 
the  SDIO  Plumes  Data  Center,  AEDC/SUT,  Arnold  AFB  TN  37389. 

Table  A1  lists  the  revolution  number  and  date  of  each  UVPI  observation,  the  primary  subject  or  target 
of  the  observation,  and  a  code  identifying  the  purpose  of  the  observation.  The  codes  for  the  observations 
are  as  follows: 


1  -  Rocket  plume  observation  or  rehearsal 

2  -  Calibration  by  star  or  internal  lamp 

3  -  Ground  beacon  observation 

4  -  Background  observation 

5  -  UVPI  system  test 

Some  additional  background  data  might  be  found  witliin  observations  whose  code  is  other  than  4.  For 
example,  background  data  might  be  contained  within  an  observation  whose  code  is  1  because  its  purpose 
was  to  rehearse  for  a  rocket  plume  observation. 


Table  A1  •  UVPI  Observation  Log 


Revolution 

Date 

Subject 

Code 

223 

900301 

Nadir  scan,  twilight  clouds 

4 

283 

900305 

Ground  lights,  city  and  rural 

4 

298 

900306 

Calibration,  internal  lamp 

2 

312 

900307 

Ground  lights,  city 

4 

402 

900313 

Tracking,  flrst  attempt 

5 

405 

900313 

Terminator,  daylil  clouds 

4 

597 

900326 

Tracking  test 

5 

597 

900326 

Callbraiion,  star 

2 

613 

900327 

Nadir  scan,  night,  Malabar 

4 

687 

900401 

Tracking,  ground  laser  beacon 

5 

702 

900402 

Tracking,  ground  laser  beacon 

5 

939 

900417 

Nadir  scan  and  limb  scan,  night 

4 

953 

900418 

Cities  and  launch  sites,  night 

4 

995 

900421 

Aurora  obsenation  attempt 

4 

lOU) 

900424 

Ground  lights,  city  and  rural 

4 

1049 

900425 

Ground  lights,  city  and  rural 

4 

1062 

900426 

Calibration,  star 

2 

1085 

900427 

Limb,  daylit 

4 
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Revolution 

Date 

1143 

900501 

1158 

900502 

1173 

900503 

1247 

900508 

1262 

900509 

1281 

900510 

1357 

900515 

1369 

900516 

1457 

900522 

1475 

900523 

1563 

900529 

1584 

900530 

1606 

900531 

1794 

900613 

1824 

900615 

1872 

900618 

1879 

900619 

1890 

900620 

1962 

900624 

1963 

900624 

1992 

900626 

2076 

900702 

2089 

900702 

2098 

900703 

2184 

900709 

2213 

900711 

2230 

900712 

2322 

900718 

2322 

900718 

2337 

900719 

2366 

900721 

2381 

900722 

2409 

900724 

2425 

900725 

2439 

900726 

2530 

900801 

2555 

900802 

2570 

900803 

2585 

900804 

2606 

900806 

2622 

900807 

2636 

900808 

2651 

900809 

Subject  Code 

Tracking,  ground  laser  beacon  5 

Tracking,  ground  laser  beacon 
Tracking,  ground  laser  beacon 
Tracking,  ground  laser  beacon 
Tracking,  ground  laser  beacon 
Calibration,  star 
Calibration,  star 
Ground  lights,  city  and  rural 
Calibration,  stars 

Night  background  over  Vandenberg 
AFB 

Night  background  over  Kennedy  Space  4 


Center 

Calibration,  stars  2 

Nadir  scan,  daylit  4 

Calibration,  star  2 

Nadir  scan,  limb  scan,  night  4 

Nadir  sweep,  day  4 

Calibration,  star  2 

Limb,  nadir  scan,  night  4 

Calibration,  star  2 

Ground  scan,  night  4 

SAC  Minuteman  plume  observation  1 
attempt 

Calibration,  internal  lamp  2 

Limb  scan,  diuk  4 

Limb  scan,  day  4 

Calibration,  stars  2 

Limb  scan,  day  4 

Volcano  observation,  active.  Hawaii,  4 
day 

Night  background  over  )\^te  Sands  4 
Ground  beacon  at  White  Sands  1 

SPEAR  II  plume  observation  rehearsal  1 
SPEAR  I!  plume  observation  rehearsal  1 
Ground  scan  4 

Calibration,  stars  2 

Limb  scan,  night  4 

Calibration,  stars  2 

Calibration,  stars  2 

Aurora  scan  4 

Aurora  scan  4 

Aurora  scan  4 

Calibration,  stars  2 

Calibration,  star  2 

Calibration,  stars  2 

Volcano  observation,  active.  Hawaii,  4 
day 
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Revolution 

Date 

Subject 

Code 

2728 

900814 

Calibration,  star 

2 

2770 

900816 

Volcano  observation,  active,  Hawaii, 
day 

4 

2785 

900817 

Volcano  observation,  active,  Hawaii, 
day 

4 

2800 

900818 

Volcano  observation,  active,  Hawaii, 
day 

4 

2807 

900819 

SPFEl  plume  observation  rehearsal 

1 

2822 

900820 

SPFEl  plume  observation  rehearsal 

1 

2837 

900821 

SPFEl  plume  observation  rehearsal 

1 

2897 

900825 

SPFEl  (Nihka)  plume  observation 

1 

3048 

900904 

Ground  beacon 

3 

3078 

900906 

Ground  beacon 

3 

3167 

900912 

Ground  beacon 

3 

3182 

900913 

Ground  beacon 

3 

3300 

900920 

Joystick  test 

5 

3315 

900921 

Joystick  test 

5 

3386 

900926 

Aurora 

4 

3670 

901015 

Ground  beacon  at  PGS 

3 

3686 

901016 

Joystick  test 

5 

3701 

901017 

Joystick  test 

5 

3716 

901018 

Joystick  test 

5 

3731 

901019 

Joystick  test 

5 

3746 

901020 

Joystick  test 

5 

3820 

901025 

Joystick  test 

5 

3835 

901026 

Joystick  test 

5 

3866 

901028 

Calibration,  star 

2 

4060 

901110 

Titan  plume  observation  rehearsal 

1 

4075 

901111 

Titan  plume  observation  rehearsal 

1 

4090 

901112 

Titan  plume  observation  relicarsal 

1 

4229 

901121 

Calibration,  star 

2 

4423 

901204 

Calibration,  star 

2 

4466 

901206 

Remote  sliuttle  observation  attempt 

1 

4491 

901208 

Remote  shuttle  observation  attempt 

1 

4503 

901209 

LCLV  plume  observation  rehearsal 

1 

4592 

901215 

Starbird  plume  observation  rcltcarsal 

1 

4607 

901216 

Starbird  plume  observation  rehearsal 

1 

4621 

901217 

Starbird  plume  observation  relicarsal 

1 

4636 

901218 

Starbird  plume  observation 

I 

4654 

901219 

LCLV  plume  observation  rehearsal 

1 

4669 

901220 

LCLV  plume  observation  relicarsal 

1 

4968 

910109 

Calibration,  star 

2 

4983 

910110 

Calibration,  star 

2 

5195 

910124 

Tenninator  scan,  backlit,  dawn 

4 

5210 

910125 

Limb  scan,  backlit,  near  dawn 
terminator 

4 

5279 

910129 

Calibration,  star  and  uniformity  scan 

2 

5286 

910129 

Daglidad  and  Kuwait  vicinity  at  night 

4 
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Revolution 

Date 

Subject 

Code 

5294 

910130 

Calibration,  star  and  uniformity  scan 

2 

5301 

910131 

Baghdad  and  Kuwait  vicinity  at  night 

4 

5321 

910201 

Calibration,  star  and  dark  field 

2 

5336 

910202 

Calibration,  star 

2 

5351 

910203 

Calibration,  star 

2 

5351 

910203 

LCLV  plume  observation  rehearsal 

1 

5381 

910205 

Calibration,  star 

2 

5381 

910205 

LCLV  plume  observation  rehearsal 

1 

5396 

910206 

LCLV  plume  observation 

1 

5396 

910206 

Calibration,  star 

2 

5487 

910212 

Calibration,  star 

2 

5502 

910213 

Strypi  plume  observation  rehearsal 

1 

5517 

910214 

Strypi  plume  observation  rehearsal 

1 

5537 

910215 

Strypi  plume  observation  rehearsal 

1 

5552 

910216 

Strypi  plume  observation  rehearsal 

1 

5567 

910217 

Strypi  plume  observation  rehearsal 

1 

5582 

910218 

Strypi  plume  observation 

1 

5597 

910219 

Calibration,  star 

2 

5726 

910228 

Limb  scan,  night 

4 

5931 

910313 

Aurora 

4 

5946 

910314 

Aurora 

4 

5961 

910315 

Aurora 

4 

5976 

910316 

Aurora 

4 

5991 

910317 

Aurora 

4 

6411 

910414 

SPFE2  plume  observation  rehearsal 

1 

6426 

910415 

SPFE2  plume  observation  rehearsal 

1 

6441 

910416 

SPFE2  plume  observation  rehearsal 

1 

6456 

910417 

SPFE2  plume  observation  reliearsal 

1 

6533 

910422 

RETOP  test 

5 

6548 

910423 

RETOP  test 

5 

6563 

910424 

RETOP  test 

5 

6578 

910425 

RETOP  test 

5 

6740 

910504 

Shuttle  plume  observation  attempt 

1 

6786 

910508 

GBI/ERIS  plume  observation  rehearsal 

1 

6801 

910509 

GBl/ERIS  plume  observation  rehearsal 

1 

6816 

910510 

GBI/ERIS  plume  observation  rehearsal 

1 

6994 

910522 

Nadir  scan,  day 

4 

7009 

910523 

Nadir  scan,  day 

4 

7024 

910524 

Nadir  scan,  day 

4 

7200 

910605 

Ground  beacon  at  IKJS  and  Wallops 
Island 

3 

7215 

910606 

Ground  beacon  at  IXjS  and  Wallops 
Island 

3 

7248 

910608 

Limb  scan,  night 

4 

7263 

910609 

Limb  scan,  night 

4 

7324 

910613 

Point  spread  measurements,  ground 
beacon  at  Table  Mountain 
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7338 

910614 

Point  spread  measurements,  ground 
beacon  at  Table  Mountain 

5 

7365 

910616 

AST  plume  observation  rehearsal 

1 

7380 

910617 

AST  plume  observation  reheursal 

1 

7395 

910618 

AST  plume  observation  rehearsal 

1 

7410 

910619 

Dark  field  data 

5 

mi 

910624 

SAC  Minnteman  III  plume  observation 
rehearsal 

1 

7502 

910625 

SAC  Minuteman  III  plume  observation 
rehearsal 

i 

7812 

910715 

Dark  field  data;  light  leakage  through 
door  test 

5 

7816 

910715 

Pegasus  plume  observation  rehearsal 

1 

im 

910716 

Contrail  observation  attempt;  daylit 
clouds 

4 

7831 

910716 

Pegasus  plume  observation  rehearsal 

1 

7846 

910717 

Plume  observation  attempt  (canceled) 

1 

7846 

910717 

Dark  field  test 

5 

7865 

910718 

Red  leakage  test  (Kuwaiti  oil  fields  at 
night) 

5 

7880 

910719 

Red  leakage  test  (Kuwaiti  oil  fields  at 
night) 

5 

7895 

910720 

Red  leakage  test  (Kuwaiti  oil  fields  at 
night) 

5 

8138 

910805 

Kuwaiti  oil  field  fires,  night 

4 

8153 

910806 

Kuwaiti  oil  field  fires,  night 

4 

8172 

910808 

Calibration,  star 

2 

8187 

910809 

Calibration,  star 

2 

8187 

910809 

Offaxls  rejection 

5 

8336 

910818 

Red  leakage  test  (red  star) 

5 

8351 

910819 

Red  leakage  test  (red  star) 

5 

8379 

910821 

Aurora 

4 

8394 

910822 

Aurora 

4 

8409 

910823 

Aurora 

4 

8424 

910824 

Aurora 

4 

8665 

910909 

Nadir  scan,  day;  dark  field  cfiect 

5 

8739 

910914 

Calibration,  star 

2 

8754 

910915 

Calibration,  star 

2 

8772 

910916 

Peacekeeper  plume  observation 
rehearsal 

1 

8873 

910923 

Door  and  PSF  measurements 

5 

8888 

910924 

Door  and  PSF  measurements 

5 

9037 

911004 

Rehearsal  for  ground  firing  plume 

1 

9052 

911005 

Ground  firing  plume  observation 
attempt 

1 

9250 

911018 

Nadir  stare,  day 

4 

9265 

911019 

Nadir  stare,  day 

4 
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9280 

911019 

Nadir  stare,  day 

4 

9329 

911023 

Kuwaiti  oil  field  fires,  day 

4 

9344 

911024 

Kuwaiti  oil  field  fires,  day 

4 

9400 

911027 

Star  extinction 

4 

9404 

911028 

Star  extinction 

4 

9423 

911029 

Star  extinction 

4 

9532 

911105 

Nadir  stare,  day 

4 

9547 

911106 

Nadir  stare,  day 

4 

9597 

911109 

Star  extinction 

4 

9627 

911111 

Star  extinction 

4 

9695 

911116 

Ground  laser  scattering 

4 

9710 

911117 

Ground  beacon 

3 

9725 

911118 

Ground  beacon 

3 

9740 

911119 

Calibration,  star 

2 

9740 

911119 

Ground  beacon 

3 

9878 

911128 

Star  extinction 

4 

9951 

911203 

Calibration,  star 

2 

10031 

911208 

Star  extinction 

4 

10055 

911209 

Aerosol  layer,  day  limb 

4 

10085 

911210 

Aerosol  layer,  day  limb 

4 

10160 

911216 

Nadir  stare,  day 

4 

10175 

911217 

Nadir  stare,  day 

4 

10193 

911218 

Limb  scan,  terminator,  remote 

4 

10208 

911219 

Star  extinction 

4 

10215 

911220 

Limb  scan,  terminator,  remote 

4 

10502 

920108 

Calibration,  star 

2 

10517 

920109 

Calibration,  star 

2 

10533 

9201 10 

Extended  dark  field  test 

5 

10637 

920117 

Limb,  night 

4 

10699 

920121 

Extended  dark  field  test 

5 

10731 

920123 

Door  test 

5 

10746 

920124 

Door  test 

5 

10770 

920125 

Star  extinction 

4 

10832 

920129 

Limb  scan,  terminator 

4 

10848 

920130 

Limb  scan,  terminator 

4 

10861 

920131 

Star  extinction 

4 

10944 

920206 

Limb  scan,  backlit  terminator 

4 

10959 

920207 

Limb  scan,  backlit  terminator 

4 

11026 

920211 

Dark  field  test 

5 

11039 

920212 

Star  extinction 

4 

11059 

920213 

Nadir  stare,  day 

4 

11074 

920214 

Nadir  stare,  day 

4 

11095 

920216 

Limb  scan,  backlit  tenninator 

4 

11185 

920222 

Star  extinction 

4 

11228 

920224 

Nadir  stare,  day 

4 

11243 

920225 

Nadir  stare,  day 

4 

11266 

920227 

Calibration,  star 

2 

11281 

920228 

Door  test,  clock  test 
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11351 

920303 

Volcano  observation,  Chile,  day 

4 

11366 

920304 

Volcano  observation,  Chile,  day 

4 

11382 

920305 

Star  extinction 

4 

11493 

920313 

Pulsar  observation 

4 

11569 

920318 

RSRM  plume  observation  rehearsal 

1 

11584 

920319 

RSRM  plume  observation  rehearsal 

1 

11599 

920320 

Plume  observation,  RSRM  ground 
bum 

1 

11613 

920321 

Large  Magellanic  Cloud  observation 

4 

11654 

920323 

Aurora 

4 

11669 

920324 

Aurora 

4 

11684 

920325 

Aurora 

4 

13173 

920701 

Limb  scan,  night 

4 

13741 

920807 

Calibration,  star 

2 

GLOSSARY 


ABE 

Army  Background  Experiment 

AFB 

Air  Force  Base 

APL 

Applied  Physics  Laboratory 

AST 

Airborne  Surveillance  Testbed 

BATCAVE 

Bendix  Alexandria  Technical  Center  for  Aerospace  Vehicle  Experiments 

CW 

continuous  wave 

DMSP 

Defense  Meteorological  Satellite  Program 

HELSTF 

High  Energy  Laser  System  Test  Facility 

Hz 

Hertz 

IR 

infrared 

J 

Joule 

kbps 

kilobits  per  second 

LACE 

Low-power  Atmospheric  Compensation  Experiment; 

Laser  Communications  Experiment 

LANL 

Los  Alamos  National  Laboratory 

LCLV 

Low  Cost  Launch  Vehicle 

LDEF 

Long  Duration  Exposure  Facility 

LOCF 

LACE  Opc-ations  Control  Facility 

LOTB 

LACE  0[ierational  Test  Bed 

LPCL 

l-ow  Power  Chemical  Laser 

Mbps 

megabits  per  second 

MIT/LL 

Massachusetts  Institute  of  Technology  Lincoln  Laboratory 

NASA 

National  Aeronautics  and  Space  Administration 

NRL 

Naval  Research  Laboratory 

PGS 

permanent  ground  station 

PSF 

point  spread  function 

RDE 

Radiation  Detection  Experiment 

RETOP 

radar-enhanced  tracking  of  plumes 

RME 

Relay  Mirror  Experiment 

RSRM 

redesigned  solid  rocket  motor 

SAC 

Strategic  Air  Command 

SAS 

sensor  array  subsystem 

SDIO 

Strategic  Defense  Initiative  Organization 

SDIO/TND 

SDIO  Directed  Energy  Office 

SPFE 

Special  I’rojcct  Flight  Experiment 

SWAT 

Short  Wavclcngtlt  Adaptive  Tccliniques 

TGS 

transportable  ground  station 

UMPAC 

UVPl  Mission  Planning  and  Assessment  Center 

USAF 

United  States  Air  Force 

USASDC 

United  States  Array  Strategic  Defense  Command 

UV 

ultraviolet 

UVPl 

Ultraviolet  Plume  Instrument 

VHF 

very  liigh  frequency 

W 

Watt 
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